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Figure S1
3D PSFs of azimuthally polarized light from a fixed dipole emitter at various orientations
Supporting
Figure S2
Pixelated azimuthally-polarized PSFs and background fluorescence effects on the limit of localization precision
Supporting
Figure S3
Simulated fitting of pixelated azimuthally-polarized PSFs and measurement of localization precision
Supporting Note
Mathematical framework for modeling the image formation of single molecules embedded in mismatched media, Details for simulating back focal plane and image plane intensity distributions, and Fisher information matrices for estimation of emitter positions in two dimensions (2D) Supporting Figure S1 . 3D PSFs of azimuthally polarized light from a fixed dipole emitter at various orientations ( 0    ). As a function of polar angle  , the images collected by an azimuthally polarized microscope are remarkably similar in shape. Using a 2D elliptical Gaussian function as a model for the PSF results in no localization error regardless of molecular orientation and microscope defocus. The intensity is plotted in units relative to the intensity of a clear-aperture microscope for molecules at identical orientations. Scale axes/arrows = 200 nm. For 600 detected signal photons in the azimuthally-polarized microscope, which corresponds to ~1000 detected signal photons from a single molecule oriented parallel to the coverslip ( 90   ) in a clear aperture microscope, the localization precision is 11 nm parallel and 6.8 nm perpendicular to the direction of the in-plane dipole moment. These precisions are 1-4 nm larger than the Cramér-Rao lower bound shown in Supporting Fig. S2(F) , demonstrating that least-squares fitting of a 2D elliptical Gaussian function is a computationally efficient and precise way to measure single-molecule positions from an azimuthally-polarized microscope image.
Mathematical framework for modeling the image formation of single molecules embedded in mismatched media
Here, we modify our expression for the Green's tensor (Equation 5 in the main text) for the presence of an abrupt refractive index change between the immersion media/coverslip and the medium in which the molecule is embedded. This configuration is very common in many forms of optical microscopy, especially in the case of imaging biological specimens, when using an objective lens with large numerical aperture (typically requiring immersion oil 1 n n  , then the evanescent field emitted by the molecule can couple into propagating waves through the objective lens.
The modified Green's tensor 
where the constants   
The angles 1  and 2  are the polar inclination of rays propagating from the objective lens to the sample. They are related to the radial coordinate  in the back focal plane by
Finally,   p t  and   s t  are the Fresnel transmission coefficients for P-and S-polarized light, respectively, propagating from the objective lens into the sample. These equations can be plugged directly into Equation 6 (main text) to compute the electric field in the back focal plane or Equations 8-10 (main text) to compute the image of the single molecule.
Fisher information matrices for estimation of emitter positions in two dimensions (2D)
The analytical expression for the Fisher information matrix for 2D localization is given by
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